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GERMINATION ACTIVATED RED Ganoderma spores are tiny and mist-like spores of 5-8 

GANODERMA LUCIDUM SPORES AND in sizes which have extremely hard and resilient, double- 

METHOD FOR PRODUCING THE SAME layer epispores, thus making them difficult to break open. 

The ganoderma spores normally scatter at the pelius of 
RELATED INVENTION 5 mature ganoderma. When mature, the ganoderma spores are 

Hie present invention claims the priority of U.S. Provi- ejected &°m the pileus. Such ejected ganodenna spores are 

sional Application Serial No. 60/158,377, filed on Oct. 12, collectively caUed "spore powders . In the wild, the spore 

1999, which is herein incorporated by reference. powders" are difficult to collect because of the Rowing 

reasons: (1) the germination rate (i.e., about 3-15%) of the. 
FIELD OF THE INVENTION 10 spores is extremely low; (2) the ejection period is relatively 

The present invention relates to bioactive substances short < i c :> ^ximately 10 days > P«j*^ 

v . . ■ ,j r some environmental factors, such as wind and ram, may also 

wb,ch are extracted from germmafon acuvaied spores of , n addjli , he ^ 

Ganoderma luadumUysscx Fr Karst. It further rela.es to ^ difficu „ (o ex(racl due , 0 

methods for culturmg and producing such substances. Qf ^ 

Fmallv, it relates to the use and methods of using the J r r . 

bioact'ivc substances produced by germination activated ln recent y ears > there have becn "P 0 " 8 whl ^ h dl f lose 

ganodenna spores for treating patients or mammals with ™thods breaking the cell 

immunological disorders, cancer, AIDS, hepatitis, diabetes, lucidum s P ores - For example, JP52041208 discloses the 

and cardiovascular diseases. The bioactive substances can extraction of effective components of spores of shntake by 
also be used to prevent or inhibit free radical oxidation and 20 efficient mechanical breaking of the cell membranes, 

hepatotoxic effect JP2240026A discloses the use of solvent to break open the 

ganoderma spores. CN1134306 discloses a method for pro- 
BACKGROUND OF THE INVENTION ducing sporoderm-broken Ganoderma lucidum sporopollen 
_ ,~ , 1 j T r v —a • which combines water soaking, air-drying and microwave 
Qanoderma (Ganoderma luctdum Ley* ex Fr Karst) is a 25 CN1165032 disclose! a method for break- 
poly porous fungus It belongs to the class Bas.dtomycetes, | oiGanoderma lucidum with a 
the family Polypo.aceae, and the genus Ganodenna. S.nce sk f n . dissolvi ^ me such 33 lysozyme> snail enzyme> 

ancient timDes, ganoderma has been praised as a miracle £ . J c„\\' m A u„ f^,;«„ »„a L»m 
c i- u u-r. ~r • * , , ,-r. Tt ; c cellulase and hemicellulase, followed by freezing and melt- 
fungus tor its capability of prolonging human lue. It is . . , . . ' , 
* .P , , . « • ♦ 1 cp r a 1* »u me in enzymolized liquid, and ultrasound, 
believed that the medicmal effects of ganodenna he upon the 6 J M ' . . 

natural or bioactive substances it produces which can stimu- With lhe improvement of the spore breaking techniques, 
late or modulate the neuro-endocrino-immuno system of more research which directed to the studies of the gano- 
human body to fight off diseases. Ganoderma is also well derma spores has been undertaken. However, the improve- 
known for its antitumor and immune enhancing properties, ment of the spore breaking techniques does not overcome 
(Kim et al., Int. J. Mol. Med. (1999), 4(3):273- 277), the shortcoming of the low germination rate of the spores. In 
cardiovascular effects (Lee et al., Chem. Pharm. Bull. fact, due to the low germination rate, roost of the studies on 
(1990), 38:1359-1364), as well as free radical scavenging ganoderma spores are conducted using the extraction of 
and aniihepatotoxic activities (Lin et al., J. bioactive substances from spores representing an array of 
Eihnopharmacol, (1995), 47(l):33^ll). Two substances dormant to various germination stages. Because the spores 
extracted from ganodenna have been reported to especially at different stages of the lifecycle produce different kinds 
relate to the medicinal effects of ganoderma. They are and/or proportions of bioactive substances, each batch of the 
triterpene and polvsaccharide, although so far no clinical mixture of the spores thus contains different active mgredi- 
evidence has been provided which supports the claims of ents. The results from such studies are apparently meaning- 
medicinal effects of these substances. (Mekkawy et al., less since no proper controls can be provided. 
Phaochemistry, (1998), 4 9(6): 165 1-1 657; Wasser et al., 4$ In the invention to be present below, a germination 
Crit. Rev. Immunol., (1999), 19(l):65-96). activation method will be introduced. This method can 
Ganoderma is the most rare and valuable herb in Chinese successfully activate the dormant ganoderma spores and 
medicine. It is known in China for over 5,000 years as "ling increase the germination rate of the ganoderma spores to 
zhi". There are a variety of ganodenma, for instance, G. more than 95%. The present invention also provides a 
lucidum (red), G. applanatum (brown), G. tsugae (red), G. 50 unique spore breaking method which not only allows for the 
sinense (black), and G. oregonense (dark brown). However, high recovery of the bioactive substances in the spores, but 
due to the fact that wild types of ganoderma only grow also successfully preserves the functional activities of the 
naturally and very rarely on aged trees in steep mountains, bioactive substances. Finally, the present invention provides 
research which requires a constant supply of high quantity clinical studies which demonstrate the significance of the 
and quality of ganoderma has rarely been conducted. 55 bioactive substances extracted from the germination acti- 
Not until recently, after the development of artificial vale d ganoderma spores in treating patients or mammals 
cultivation techniques, methods for artificially cultivating *?th immunological disorders, cancer AIDS, hepatite, 
Ganodenna lucidum (Fr) Karst have been developed, (see diab etes, and cardiovascular diseases. Hie bioactive sub- 
e.g., U.S. Pat. No. 4,472,907). The newly developed culti- slaDCCS caD al *° bc uscd Prevent or inhibit free radical 
valion methods allow researchers to produce sufficient 6 0 °* dall0n ™ 6 hepatotoxic effect, 
amount of ganoderma for the studies. SUMMARY OF THE INVENTION 

Although it is believed that the spores of ganoderma 

represent the essence of ganoderma because they contain all The present invention provides a method which can 

the bioactive substances of ganoderma, most of the gano- significantly increase the germination rate of the spores of 

derma studies are conducted using the fruit body or myce- 65 red Ganoderma lucidum. When the dormant spores of red 

lium of ganoderma as experimental materials. Ganoderma Ganodenna lucidum are activated by germination, they 

spores are rarely studied. produce bioactive substances which contain, but are not 
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limited to, active genes and promoters, active enzymes, germination of the spores of Ganoderma lucidum is rela- 

sterols, cytokines, interferons, lactone A, ganoderma acid A, lively slow and their germination rate is extremely low. In 

triterpenes, polysaccharides, vitamins, superoxide dismu- fact, it takes about 24 to 48 hours for the germ tubes of the 

tases (SOD), vitamin E, glycoproteins, growth factors, etc. spores start to sprout under proper conditions, and the 
These bioactive substances, in their entirety, demonstrate 5 capillilia start to form branches after 72 hours, with a 

superb medicinal effects. germination rate of only 3-15%. 

This method requires soaking the ganoder4a spores in a y. ^ mcthod of lhc prcseQt invcnti o n , mature spores 
solution to induce germination. The solution used for this of ^ Ganoderma lucidum were selected to undergo pro- 
purpose includes clear or distilled water, salie solution, and trca tment. There are three distinctive stages for the 
any nutritional solution Examples of the nutritional solution 1Q * ^ trcatmcnl( ^ goa , ± l0 effectively pre- 
include coconut juice, 1-5% malt extract solution , 05-25% £ £ * of bioactive substances produced by 
extracts of the ganodermna sporocarps or capilhtia, 0.1-5% *™ vc lu V B aLL ™?" -.^u... <uL 
of culture solution containing biotin, 0.1-3% of culture the germination activated spores. IT, .first stage evolves the 
solution containing monobasic potassium phosphate and induction of germination which can be achieved by soaking 
magnesium sulfate. One or more of the above listed nutri- the spores in a solution for a period of time, followed by 
tional solution can be used, with the amount added being 15 cultivating the germination induced spores in a well- 
0.1-5 times of the weight of the ganoderma spores. The ventillaled culture box. The second stage involves the pro- 
spores are soaked in the solution for 30 minutes to 8 hours duction of sporoderm-broken (i.e., by breaking up the cell 
at 20-43° C, preferably for 2 to 4 hours and between 25 and walls of epispores) spores which can be achieved by enzyme 
350 c. treatment and/or mechanical force. The final stage involves 

The germination induced ganoderma spores are placed in 20 the extraction of bioactive substances from the sporodcrm- 

a well-ventilated culture box which is controlled with con- broken spores which can be achieved by freeze-drying or 

stant temperature and constant humidity to activate the vacuum drying followed by extraction with solvent or by 

synthesis of bioactive substances. The relative humility is at tri in fij m condensation. 

65-98%, preferably 85-97%, and the temperature is at Bdow afC general descriptions of the inventive steps 
18-48° C, preferably at 25-35 C. 25 whicb lcad t0 lhe pro duction of bioactive substances: 

Hie present invention also provides a method^or produc- germination: Mature and perfect 
ine sporoderm-broken ganoderma spores. The method '* & 7 . . A 1 , j , 
Quires treating the germination activated ganoderma spores of red Ganoderma lucidum ^were carefoUy selected to 
spores with enzymes which can dissolve the cell walls of the undergo a soaking process to induce germination Spores 
spores or a mechanical force or both. Examples of the lytic 30 were kept in clear or distilled water, biological saline 
enzymes include chitinase or cellulase. The types of solution, or other nutritional solutions that could enable the 
mechanical force include micronization, roll pressing, spores of red Ganoderma lucidum to germinate rapidly, 
grinding, ultrasound, and super high pressure microstream Examples of nutritional solutions include coconut juice or a 
treatment. A combination of one or more kinds of mechani- 1-5% malt extract solution, 0.5-25% extracts of Ganoderma 
cal force with enzymolysis is preferred. 35 lucidum sporocarps or Ganoderma lucidum capillitia, 
The present invention further provides a method for 0.1-5% of culture solution containing biotin, 0.1-3% of 
extracting bioactive substances from the germination acti- culture solution containing potassium phosphate 
vated ganoderma spores. The method requires drying the (monobasic) and magnesium sulfate. The choice of solution 
sporoderm-broken ganodermna spores at low temperature, would depend on the soaking time required, the amount of 
followed by extracting the dried sporoderm-broken gano- spores to be processed and other such factors as availability 
derma spores with a solvent. The drying method can be 40 0 f materials. One or more of the above germination solutions 
either a freeze-drying or a vacuum-drying. The bioactive couW ^ usedj wilh the am0 unt added being Ol -5 times the 
substances can be extracted either by water or by organic we ighl of the spores of red Ganoderma lucidum. The 
solvents such as alcohol, ether, acetone etc. or by both. They soaking t i me can be determined according to the tempera- 
can also be extracted by thin film condensation. ture q{ lhe walcr> and usuaUy the soaking was carried out for 
Either the sporoderm-broken ganoderma spores or the 45 3Q ^ ^ g ^ ^ temperature of me watcr at 
extracted bioactive substances can be formulated by any 2(M30 c Prcferably soak i ng times were 2-4 hours, and 
conventional drug delivery systems to be orally admmis- lc mre of lhe walcr was 2 5-35° C. 
tered to patients or mammals. ■ r . . 

In addition, the present invention provides methods for Activation culture: Hie spores of red Ganoderma 

using the bioactive substances to treat patients with immu- 50 teuton were removed from the soaking solution and excess 

nological disorders, cancer, AIDS, hepatitis, diabetes, car- solution was eliminated by allowmg it to drip. The spores 

diovascular diseases, and bacterial or viral infections. The were then placed in a well -ventilated culturing box at a 

invention also provides method to use the bioactive sub- constant temperature and humidity so that spore activation 

stances for preventing free radical oxidation and inhibiting culture could be carried out. The relative humidity of the 

hepalotoxic effects. 55 culture was generally set at 65-98%, the culture temperature 

Finally, the present invention provides uses of the bioac- at 18-48° C and the activation time lasted from 30 min to 

live substances as agents for treating immunological disor- 24 hours. Preferably humidity is 85-97% and temperature is 

ders (such as dysfunction of the nervous system and neu- 25-35° C. Using the method provided by the present 

romusculature including multiple sclerosis, myotonias and invention, the activation of spores of red Ganoderma luci- 

muscular dystrophy), cancer, AIDS, hepatitis, diabetes, car- ^ dum reached a rate of more than 95%. During activation, the 

diovascular diseases, and bacterial or viral infections. The ce ]j wa ]is 0 f the spores of red Ganoderma lucidum were 

bioactive substances can also be used as agents for antioxi- clearly softened such that it was easier to penetrate the cell 

danl and anli-hepaloloxic effects. wa lk 0 f tDC spores. 

DETAILED DESCRIPTION OF THE III. Treatment of the epispores: After the germination 

INVENTION 65 activation process, the spores were treated by enzymolysis. 
The tiny spore of Ganoderma lucidum has an extremely This process was carried out at a low temperature and under 
hard and resilient, double-layered epispore. In the wild, the conditions such that enzyme activity was maintained, using 
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chitinase, cellulase, or other enzymes, which are commonly 
used in the industry. The process was complete when the 
episporcs lost their resilience and became brittle. 
Alternatively, physical treatments were carried out to pen- 
etrate the cell wails, for example, micronization; roll 5 
pressing, grinding, super high pressure microstream 
treatment, and other mechanical methods commonly used in 
the industry could be carried out, with a penetration rate of 
over 99%. 

IV. Drying or extraction: Drying was carried out at low 1Q 
temperature using standard methods including freeze-drying 

or vacuum-drying etc., which are commonly used in the 
industry. The obtained product had a moisture content less 
than 4%. After drying, the bioactive substances were 
extracted by water or alcohol, or by thin film condensation. 
The extracted bioactive substances could be further purified 15 
by dialysis to ensure no contamination in the final products. 

V. Pharmaceutical formulations of the bioactive sub- 
stances: The bioactive substances can then made into puri- 
fied powders, extract pastes, solutions for injection, or for 
oral consumption. The invention also encompasses the 20 
manufacture of pharmaceutical preparations of the active 
substances, using well known excipients and methods of 
manufacture known in the art. In addition, the bioactive 
substances can be dosed by any convenient method 
including, but not limited to, tablets, capsules, solutions, 25 
suppositories, nasal sprays, or injection devices. The choice 

of method for administration is determined by the clinical 
situation of the patient. The bioactive substances of the 
present invention, produced by the methods described, 
include active genes, inducers of the biotic potential 30 
promoter, inducers of the multicellular activator, inducers of 
interferon, lactone A, ganoderma polysaccharide, gano- 
derma spore fatly acids, ganoderma spore long chain alkyl 
hydrocarbons, ganoderma triterpenes, sterols, superoxide 
dismutase, vitamin E, active glycoprotein, certain growth 35 
factors, ganoderma acid A, superoxide dismutases (SOD), 
active glycoproteins, multiple active enzymes, and growth 
factors and so on. These bioactive substances, in a whole, 
contribute to the therapeutic uses described in the later 
sections. 40 

The present invention will be further explained by way of 
illustrations. The illustrations can be divided into three 
different categories: (1) The "Manufacturing Examples", 
which describe various methods for producing the bioactive 
substances; (2) the "Experimental Examples", which 45 
describe various experimental testing using animals as mod- 
els; and (3) the "Clinical Examples", which describe the 
treatment of the bioactive substances to patients with various 
diseases and the outcomes of such treatment. The "Clinical 
Examples" are especially appealing because they demon- 5C 
strate that the bioactive substances have therapeutic effects 
on a variety of diseases. For example, patients with serious 
diseases, which include hepatitis B, cancer, and HIV or 
AIDS, have shown drastic improvement after the treatment 
of the bioactive substances extracted from the spores. 5i 
Patients with diseases associated with immunological dis- 
orders such as dysfunction of the nervous system and 
neuromusculature (e.g., multiple sclerosis, myotonias and 
muscular dystrophy), have also shown improvement after 
taking the bioactive substances. In addition, the bioactive 6( 
substances have applications in treatment of bacterial or 
viral infections, including tuberculosis and influenza. They 
also display positive effects in treating patients with insuf- 
ficient hormone levels such as diabetes or thyroid insuffi- 
ciencies. A further benefit of using the bioactive substances 6. 
extracted from ganoderma spores is that they are non-toxic 
so that higher dosage can be prescribed to the patients. 
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MANUFACTURING EXAMPLES 
Manufacturing Example 1 

1. One hundred (100) kg of mature and perfect spores of 
red Ganoderma lucidum were carefully selected and 100 kg 
of 1% malt extract was added to the spores to carry out a 
soaking treatment to induce germination for 6 hours. The 
temperature of the water was set at 20° C. 

2. After the soaking treatment, the spores were removed 
and the excess solution was eliminated by allowing them to 
drip. The spores were then placed in a well- ventilated 
culturing box with a constant temperature and humidity to 
undergo spore activation culture. The relative humidity of 
the culturing box was 70%, the culture temperature at 20° 
C, and the activation period lasted for 12 hours. After 
examination, it was found that the activation rale of the 
spores of red Ganoderma lucidum reached 96%, and the 
epispores were clearly softened during activation. 

3. Micronization was used as the penetration method. 
After a micronization, the penetration rate of the epispores 
of red Ganoderma lucidum reached 99%. 

4. Drying treatmenl was carried oul in a standard vacuum 
drying apparatus, and the obtained product had a moisture 
content less than 3%. 

5. The bioactive substances of the product obtained were 
measured using standard chemical analyses. 

Manufacturing Example 2 

1. One hundred (100) kg of mature and perfect spores of 
red Ganoderma lucidum were selected and 45 kg of coconut 
juice and 100 kg of distilled water were added to the spores 
to cany out a soaking treatment for 30 min. The temperature 
of the water was maintained at 35° C. 

2. After the soaking treatment to induce germination, the 
excess solution was eliminated by allowing it to drip, and the 
spores were placed in a well ventilated culturing box at a 
constant temperature and humidity to carry out activation 
culture. The relative humidity of the culturing box was 80%, 
the temperature 36° C, and the aclivation period lasted for 
5 hours. After examination with an electron microscope, it 
was found that the spores of red Ganoderma lucidum were 
in a state of activation, with the occurrence of a basic 
formation of the germ tube, and the epispores were clearly 
softened during the activation period. 

3. Enzymolysis of spores was carried out for 3 hours, 
using 0.1 kg of chitinase, and 0.1 kg of cellulase with the 
enzymolysis temperature set at 40-55° C. After 2 hours, the 

( hard and resilienl double -layered cell walls of the spores 
were no longer resilient and became brittle. In another 
method, a further treatment was carried out using a micron- 
izer to penetrate the cell walls and the penetration rate of the 
spores of red Ganoderma lucidum reached 99%. 

I 4. A drying treatment was carried out using a standard 
freeze-drying apparatus, and the product obtained had a 
moisture content less than 2.8%. 

5. The bioactive substances of the product obtained were 
measured using the standard chemical analyses. 

Manufacturing Example 3 

1. One hundred (100) kg of mature and perfect spores of 
red Ganoderma lucidum were carefully selected and 150 kg 
of 5% extract of the Ganoderma lucidum sporocarps as 
5 nutritional solution were added to the spores to carry out a 
soaking treatment for 4 hours, with the temperature of the 
solution set at 30° C. 
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2. After the soaking treatment to induce germination, the formation of buds had occurred and the epispores were 
excess solution was eliminated by allowing it to drip and the clearly softened during the activation period. 

spores were placed in a well-ventilated culturing box at a 3 Extraction was carried out with water, followed by a 

constant temperature and constant humidity to carry out second extraction with alcohol. The extract solutions were 
activation culture. The relative humidity ofthe culturing box 5 comD ined and concentrated using a thin film technique. 

was 65%, the temperature at 38° C, and the activation , _ . . . , . , . ^m-a 

y, ' , - * ■ « « . < 4. Further processing was earned out to make punned 

penod lasted for 5 hours. When examined under tbe electron ' " v t t 6 . . f . . f,i ' 

* . r , ... . ... . t f powders, extract pastes, solutions for injection or oral con- 
microscope, it was found that the spores were in a state of * » r 
activation, but no formation of the germ tube occurred yet sump 1 n. 

and the epispores were clearly softened during the activation 10 5. The bioactive substances of the product obtained were 

period, measured using the standard chemical analyses. 

3. After a treatment using a super high pressure micros- . 

iream apparatus was carried out to penetrate the cell walls, Manufacturing Example 6 

the penetration rate of the spores of red Ganoderma lucidum x 0ne nundred ( 10 o) kg of mature and perfect spores of 

was over 99%. 15 red Ganoderma lucidum were carefully selected. 50 kg of an 

4. A drying treatment was carried out using a standard extract solution of Ganoderma lucida containing 5% capil- 
freeze-drying method, and the product obtained had a mois- litia and 50 kg of a 1% malt extract were added to the spores 
lure content of less than 3.2%. and soaked for 7 hours to induce germination, with the 

5. The bioactive substances of the product obtained were 2Q temperature of the solution set at 25° C. 

measured using the standard chemical analyses. 2. After the soaking treatment to induce germination, the 

. excess solution was eliminated by allowing it to drip and the 

Manufacturing Example 4 spQres werc placed in a weU venlilaled culturing box at a 

1. One hundred (100) kg of mature and perfect spores of constant temperature and constant humidity to carry out 
red Ganoderma lucidum were carefully selected and 200 kg 25 activation culture. The relative humidity ofthe culturing box 

of a culture solution containing 2% biotin were added to the was 85%, the temperature at 25° C, and the activation 

spores. The soaking treatment to induce germination lasted period lasted for 12 hours. When examined under the 

for 3 hours, with the temperature of tbe solution set at 40° electron microscope, it was found that the spores of red 

C Ganoderma lucida were in a state of activation, however, 

'2. After soaking, the spores were removed and the excess 30 formation of the germ tube had yet to occur and the 

water was eliminated by allowing it to drip. Tbe spores were epispores were clearly softened during the activation period, 

then placed in a well-ventilated culturing box at a constant 3. After treatment with a super high pressure microstream 

temperature and humidity to carry out activation culture. apparatus to penetrate the cell walls was carried out, the 

The relative humidity of the culturing box was 90%, the penetration rate of the spores of red Ganoderma lucidum 

temperature at 33° C, and the activation period lasted for 4 35 W as over 99%. 

hours. It was found that the activation rate of the spores 4 A ^y^g lrealme nt was carried out using a standard 

reached 95%, and the epispores were clearly softened during freeze-drying method, and tbe product obtained had a mois- 

the activation period. ture less than 2 .8%. 

3. Enzymolysis with 0.08 kg chitinase, and 0.2 kg cellu- 5 Thc bioaclive subs tances of the product obtained were 
lase of the spores was earned out for 3 hours at 40-55 C. measured ^0 ihe standard chemical analvses. 

At the end of the process, the bard and resilient double- 
layered cell walls of the spores were no longer resilient and Manufacturing Example 7 
became brittle. Then, a roll pressing treatment was carried 

out using a press roller. The penetration rate of the spores \ One hundred (100) kg of mature and perfect spores of 

was over 99%. red Ganoderma lucidum were carefully selected and 300 kg 

4. A drying treatment was carried out for 12 hours in a of distilled water at 32° C. were added to tbe spores to carry 
standard, low temperature, blow drying apparatus and the out a soaking treatment for 8 hours. 

product obtained had a moisture content less than 4%. 2 M{CT the soaking treatment to induce germination, the 

5. The bioactive substances of the product obtained were 50 excess water was eliminated by allowing it to drip and the 
measured using the standard chemical analyses. spores were placed in a well-ventilated culturing box at a 

. constant temperature and humidity to carry out activation 

Manufactunng Example 5 Tfac rcJativc humidily of lhc culturing box was 95%, 

1. One hundred (100) kg of mature spores of red Gano- the culture temperature at 35° C, and the activation period 
derma lucidum were carefully selected and 100 kg of a 55 lasted for 24 hours. When examined under the electron 
culture solution of 0.1% potassium phosphate (monobasic) microscope, it was found that the spores of red Ganoderma 
and magnesium sulfate was added to the spores to carry out lucidum were in a stale of activation, however, no formation 
a soaking treatment to induce germination for 8 hours, with of the germ tube occurred yet and thc epispores were clearly 
the temperature of the solution set at 21° C. softened during tbe activation period. 

2. After the soaking, the excess solution was eliminated 60 3 ^f ler micronization, the penetration rate of the spores 
by allowing it to drip, and the spores were placed in a of red Ganoderma lucidum reached 99%. 
well-ventilated culturing box at a constant temperature and . . . 

humidity 10 carry out activation culture. The relative bumid- 4 - Wstm « l ^as earned out using . .standard 

ity of the culturing box was 85%, the temperature at 42' C, vacuum *W* ■»"»?»• » d J he P roducl obUmed had 8 

and tbe activation period lasted for 3 hours. Wben examined « mo,sture comen * ,ess tban 3 5% ' 

under the electron microscope, it was found that the spores 5. Tbe bioactive substances of the product obtained were 

of red Ganoderma lucidum were in a stale of activation, the measured using the standard chemical analyses. 
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EXPERIMENTAL EXAMPLES 

The bioaciive substances used in the following experi- 
ments were extracted from ganoderma spores which have 
been processed by germination activating, sporoderm breed- 
ing with enzyme engineering and freeze drying technology. 
The bioaciive materials include, but are not limited to, 
ganoderma polysaccharides, ganoderma spore fatty acids, 
ganoderma spore long chain alkyl hydrocarbons, ganoderma 
triterpenes, superoxide dismutase, vitamin E, active 
glycoproteins, some growth factors, etc. It has been dem- 
onstrated thai the completely wall-broken ganoderma spores 
show much more efficient physiological activities than ordi- 
nary ganoderma spores. 

Experimental Examples 1 

Free Radical Scavenging Effect of Sporoderm- 
Broken Ganoderma Spores by Testing on the 
Levels of malondialdehyde (MDA) in Tumor 
Tissues 

1. Materials and Methods 

1.1 Materials 

NIH mice used in the tests were supplied by the Test 
Animals Center of the Department of Health, Guangdong 
Province. The mice weighed 20-22 g, half of them being 
male, half female. The mouse reliculosarcoma (HI) was 
supplied by the present Institute. A 0.2 g/mL oral solution 
using Ganoderma lucidum spore powder was prepared. 
Adriamycin (ADM) was manufactured by the Wan Le 
Pharmaceutical Co. Ltd. in Shienzhen. 

1.2 Apparatus 

MPF-4 spectrofluorometer was made by Hitachi. 



10 



15 



logical saline solutions of 20 mL/kg/d were injected; for the 
positive control group: adriamycin (ADM) 1 mg/kg/d was 
administered; Ganoderma lucidum spores low dose group: 2 
g/kg/d; Ganoderma lucidum spores medium dose group: 4 
g/kg/d/; Ganoderma lucidum spores high dose group: 8 
g/kg/d. Dosing of the drug was started 24 hours after the 
inoculation of the ticor cells via savage to the testing animals 
in each group (the drug was injected intraperitoneal^ for the 
ADM group) for 10 consecutive days. The activities, the 
luster of the skin and fair, and the appearance of the stool of 
the testing animals in each group were observed. The day 
after the drug was given for the last time, the mice were 
sacrificed. They were then weighed, the. rumor s re moved 
and the tumor suppression r ate w as calculated. About 1 g 
tumor tissue was used to measure the MDA. Excess blood 
on the tissue was washed with cold 0.9% NaCl. The remain- 
ing blood was removed by absorbing the tissue on cloth or 
paper. The tissue was then cut into pieces and placed in a 
20 glass homogenizer; 0.9% NaCl was added, grinding was 
then carried out to produce a 10% (w/v) homogenized tissue 
solution. The MDA level in the tumor tissue was measured 
with the TDA spectrofluorometer. 
2. Results 

2.1 The tumor suppressing effect of the Ganoderma 
lucidum spores (see Table 1) 

For the mouse L-ll tumor suppression rate of the Gano- 
derma lucidum spores, the low, medium and high dose 
groups respectively exhibited 66.8%, 70.9%, and 76.2%. 
The suppression of the tumor was effective in a dose- 
dependent manner. 
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TABLE 1 



The effect of Germination Activated Sporoderm-Broken Ganoderma lucidum spores 
on the mouse transplant tumor L-II 



No. of 

Dose (per day, animals 
continuous] y (Beginning/ 



Group 



for 7 days) 



end) 



Bodv weieht 




Weight of 


Rate of tumor 


p value 
compared to 
the control 


Beginning 


End 


Change 


the tumor 


suppression 


group 


23.08 * 0.90 
21.17 at 0.83 
21.14 * 0.64 


30.85 ± 2.41 
28.67 ± 2.15 
30.19 * 2.16 


+9.77 
+7.05 
+9.05 


2.28 ± 0.61 
0.78 ± 0.33 
0.76 ± 0.30 


66.0 
66.8 


<0.001 
<0.001 


23.08 * 0.79 


29.92 * 1.16 


+8.83 


0.66 ± 26 


70.9 


<0.001 


21.37 * 0.83 


31.58 *2.97 


+10.4 


0.54 * 0.24 


76.2 


<0.001 



1. Control Group 

2. ADM 
Ganoderma 
lucidum spores 
Ganoderma 
lucidum spores 
Ganoderma 
lucidum spores 



(20 ml/kg) 
(1 mg/kg) 
(2g/kg) 

(4g/kg) 

(8g/t&) 



12/12 
12/12 
12/12 



12/12 



1.3 Principle 

Under acid conditions, condensation between 
2-thiobarbituric acid-malonyl thiourea (TBA) and malondi- 
aldehyde (MDA) produced a red compound which emitted 55 
fluorescent light (absorbing light at 515 nm wavelength, 
emitting fluorescent light at 553 nm). The level of MDA was 
determined by measuring the fluorescent intensity using the 
nmPF-4 spectro-fluromcter. 

1.4 Methods 

Under antiseptic conditions, the ascitic mouse L-II cells 
which had been growing well for 7 days were extracted from 
the abdominal cavity, diluted with biological saline solution 
at a ratio of 1:1, then the tumor cell suspension was 
inoculated subcutaneously into the right axilla of the mouse. 
Each mouse received an inoculation of 0.2 mL. The inocu- 65 
lated mice were then randomly divided into 5 groups with 12 
mice for each group. For the negative control group: Bio- 



2.2 The effect of spores on the MDA in the mouse tumor 
tissues 

The amount of the MDA in the mouse tumor tissues 
gradually decreased with an increase in the dosage of 
Ganoderma lucidum spores (see Table 2). The amount of the 
MDA in each of the dosage groups of Ganoderma lucidum 
spores was significantly different from the control group 
(p<0.001). 

TABLE 2 

The effect of Germination Activated Sporoderm-Broken 
Ganoderma lucidum spores on the MD A in the mouse tum0T tUsucs (LrlTS 

No. P 
Daily (of compared 
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dose 


animals) 




to 




(continuously 


beginning/ 


Level 


the control 


Group 


lor iu aaysj 


end 


of MDA 


group 


1. Conliol 


(20 ml/kg) 


12/10 


54.17 ± 2Z37 




Group 










2. ADM 


(1 mg/kg) 


12/11 


57.41 ft 23.82 


>0.05 


Ganodcrma 


(2gfcg) 


12/10 


32.47 * 10.25 


<0.05 


lucidum 










spores 










Ganodcrma 


(4gfltg) 


12/12 


22.87 ± 10.22 


<0.05 


lucidum 










spores 










Ganoderma 


(8 gfrg) 


12/12 


17.66 * 10.38 


<0.0001 


lucidum 










spores 











3. Discussion 

Free radicals are highly active substances that are con- 
stantly produced in the process of cellular metabolism and 
can have damaging effect on organisms. They can induce 
oxidation reactions, cause proteins to crosslink and be 
damaged, decrease the activity of enzymes, contribute to an 
abnormal metabolism of the nucleic acid, and cause super- 
oxidation of the polyunsaturated lipids in the biological 
membranes. The results of free radical attack can lead to 
damage to the cellular structures and functions as well as the 
various organs in an organism, thus resulting in aging and 
multiple pathologies. 

MDA is a product of the secondary reduction of lipid 
peroxidation, that is, a metabolite of lipid peroxidation. It is 
a compound with two functional groups and can react with 
compounds that contain amino groups, such as proteins, 
nucleic acids, cephalins, etc., causing them to cross-link and 
thus lose their functions, with the result of protein 
denaturation, loss of enzyme activity, and damage to the 
DNA. Animal tests show that MDA is also a strong carcino- 
gen which can induce tumors in animals. Measurement of 
MDA in tumor tissues can directly reflect the extent of lipid 
peroxidation caused by the tumors. 

The active components of the Ganoderma lucidum spores 
include antioxidants, such as Ganoderma lucidum 
polysaccharides, Ganoderma lucidum acids, SOD, vitamin 
E, etc., which may be the basis for the capacity of the 
Ganoderma lucidum spores to resist lipid peroxidation. It 
can be seen, therefore, that Ganoderma lucidum spores play 
a positive role in scavenging free radicals, protecting 
organisms, and preventing cancers as well as in the treat- 
ment of cancers. 

According to Tables 1-2, the ADM group exhibits the 
highest MDA level in the mouse reticulosarcoma tissues. 
One of the anticancer mechanisms of ADM is its ability to 
bind metal ions. However, this also leads to the induction of 
free radicals formation. In addition, although ADM can 
inhibit the formation of cancers, it attacks the cardiac muscle 
mitochondria and membrane at the same time, thus leading 
to severe cardiac toxicity. The ADM group is followed by 
the positive control group, indicating that the extent of lipid 
peroxidation is increased during the growth process of the 
cancerous cells. The MDA levels of the high, medium and 
low dosage groups of Ganoderma lucidum spores are all 
significantly lower than those of the two positive and 
negative control groups. Within the dosage range of 2g/kg/ 
d-8g/kg/d, the amount of MDA is significantly decreased 
with the increase of the dosage of Ganoderma lucidum 
spores, indicating that Ganoderma lucidum spores have a 
large effect on the prohibition of lipid peroxidation, and at 
the same time the effect is increased with the increase of the 
dosage within the dosage range of 2g/kg/d~8g/kg/d. 
Although free radicals can cause damage to cancerous cells, 



they also cause damage to the organism while destroying 
cancerous cells. Based on the results of the present test, it 
can be seen that Ganoderma lucidum and Ganoderma 
lucidum spores have a clear suppressing effect on animal 
5 tumors. Also, the fact that the effect of Ganoderma lucidum 
spores on inhibiting the MDA level is dose -dependent 
indicates thai, although Ganoderma lucidum spores decrease 
the free radicals in tumor cells, their ability to suppress 
tumors is not being affected. 
10 In the lest presented above, the drug was administered 
right after the mice were inoculated with cancerous cells. 
Also, during the growth process of the cancerous cells, 
Ganoderma lucidum spores were continuously administered 
to the mice. It is proposed that Ganoderma lucidum spores 
15 continuously suppress the formation of the free radicals by 
the tumor cells during their growth, thus suppressing the 
DNA damage caused by the lipid peroxidation, which is 
again caused by free radicals. Meanwhile, they can also 
suppress the destruction done to the surrounding tissues by 
20 the tumor cells and prohibit their growth. As a result, the 
decrease in free radicals induced by Ganoderma lucidum 
spores may be one of the mechanisms of Ganoderma 
lucidum spores in prohibiting tumors. 

Experimental Example 2 

lmmunoregulatory Effect of Pure Ganoderma 
lucidum Spore Capsules 

I. Test conditions: 

1. Samples: The recommended daily dosage was three 
times per day, 4 capsules each time, with each capsule 
weighing 0.3 g, based on an adult of 60 kg, at 0.06 g/kg 
bodyweight (BW). The concentrations needed for various 
tests were all prepared by diluting the Ganoderma lucidum 
spores with distilled water. 

2. Dosage: There were a cold distilled water control 
group, and low, medium, and high doses groups. The dos- 
ages of the low, medium, and high doses groups were as 
follows: 

Low dose group: 0.06 g/kg BW at approximately the, 

recommended daily dose. 
Medium dose group: 0.60 g/kg BW at approximately 10 

times the recommended daily dose. 
High dose group: 1.80 g/kg BW at approximately 30 
times the recommended daily dose. 

3. Animals: N1H white mice, 6-8 weeks old, weight 
20-22 g, were supplied by the Guangdong Medical Animal 
Farm with qualification inspection approval No. 97A022. 
The pellets were supplied by the Guangdong Medical Ani- 
mal Farm. 

4. Laboratory for housing animals: Animals were housed 
in clean environment and at room temperature 25±2° C, 
humidity 70-75%. 

5. Route of administration: The lest substances were given 
to each animal at a dose of 0.2 mU10 g daily via gavage. 

II. Test methods: 
1. Test of Delayed Allergic Reaction of the Animals (by 

measuring the increase of the thickness of the footpad) 

After quarantined for one week under laboratory 
conditions, 40 mice were randomly divided into 4 groups, 
with 10 for each group. The test substances were adminis- 
tered to the mice every day for a duration of 4 weeks. Four 
(4) days before the end of the test, the immunized animals 
were injected with 0.2 mL 2% (v/v) sheep erythrocytes 
intrapertoneally to sensitize the animals. Four (4) days later 
the thickness of the left rear footpad was measured, then 
20% (v/v) sheep erythrocytes (20 uL per mouse) were 
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injected subcutaneously at the same location. Twenty four 
(24) hours after the injection, the thickness of the left rear 
footpad was measured three times and a mean value was 
obtained. 

2. Measurement of the mouse serum hemolysin titer (by 5 
measuring the blood coagulation) 

Forty (40) mice were randomly divided into 4 groups, 
with 10 for each group. The test substances were adminis- 
tered every day for a duration of 4 weeks. The amount of the 
samples given was adjusted every week according to the 10 
body weight. Four (4) days before the end of the test, the 
immunized animals were each given injections of 0.2 mL 
2% (v/v) sheep erythrocytes inlraperitoneally, and 5 days 
later the eyeballs were extracted to obtain blood samples. 
The blood serum was stored for later use. The thymus and 15 
the spleen were weighed and their ratios to the body weight 
were calculated. 

Coagulation reaction: the blood serum was diluted with 
biological saline solution at an appropriate ratio in a trace 
element reaction plate, each 50 /iL, then 50 of 0.5% sheep 20 
erythrocytes were added, placed inside a moist container, 
covered with a lid and placed in an incubator at 37° C for 
3 hours. The degree of coagulation was observed. 
3. Mouse carbon clearance test 
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TABLE 3-continued 



Effects of Germination Activated Sporoderm- Broken 
Ganoderma lucidum Spore Capsules 
fCell Wall Completely Penetrated on Body Weights of the Mice 



Difference 
between 
Final and 
Initial 





No. of 




Intermediate 




•Body 




animals 


Initial Body 


body 


Final body 


Weight 


Group 


(mice) 


Weight (g)' 


weight (g)* 


weight (g)" 


(8)* 


dose 












Medium 


10 


22.9 * 1.36 


25.3 * 0.65 


28.5 x 1.42 


•5.3 ± 0.97 


dose 












High 


30 


23.2 * 0.96 


25.3 * 035 


27.6 ± 1.46 


4.6 * 0.73 


dose 












F value 




0.18 


0.76 


0.89 


1.15 


p value 




>0.05 


>0.05 


>0.05 


>0 ; 05 



•values are expressed as Mean * S.D. 



TABLE 4 



2. The effect of the germination activated sporoderm- 
broken Ganoderma lucidum spore capsules (cell wall com- 
pletely penetrated) on the spleen and thymus weights of the 
mice is shown in Table 4. The ratios of spleen/body weight 
Forty (40) mice were randomly divided into 4 groups, 25 aD d thymus/body weight of the mice of each of the test 
with 10 for each group. The test substances were adminis- groups were compared to the control groups. The results 
tered every day for a duration of 4 weeks. The amount of the show no significant difference between the lest and the 
samples given was adjusted every week according to the control groups, indicating that pure Ganoderma lucidum 
body weight. On Day 28 when the drug was administered for spore capsules (cell wall completely penetrated) have no 
the last time, India ink diluted at 1:4 was intravenously 30 effects on spleen and thymus weights of the mice, 
injecled into the tail vein of the mouse at 0.1 mL/10 g body 
weight. Using a timer, 20 fiL of blood were drawn at 2 min 
and 10 min, from the veins inside the canthus, added to 2 mL 
of Na 2 C0 3 solution, then the OD value was measured at 600 
nm wavelength using a 721 spectrophotometer using 
Na 2 C0 3 solution as control. The mice were then sacrificed, 
the liver and the spleen were weighed to calculate the 
phagocytic index. 

4. Data processing: Variance analysis was carried out 
using SAS. 
III. Test Results 

1. The effect of the germination activated sporoderm- 
broken Ganoderma lucidum spore capsules (cell wall com- 
pletely penetrated) on the body weight of the mice is shown 
in Table 3. The initial, intermediate, and final body weights 45 
of the mice of each of the test groups were compared to the 
control groups for the same periods. The results of Table 3 
show no statistically significant differences among the test 
and control groups, suggesting that the pure Ganoderma 
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Effects of Sporodenn-Broken Ganoderma lucidum 
Spore Capsules (Cell Wall Completely Penetrated) on Spleen and 
Thymus Weiehts of the Mice 



Spleen/ 





No. of 


Body 


Thymus/body 


body weight 


Group 


animals 


weight (g) 


weight (g) 


(8) 


Control group 


10 


28.7 


3.52 * 0.46 


4.08 s 0.82 


Low dose 


30 


27.6 


3.44 x 037 


3.85 * 0.38 


Medium dose 


30 


29.3 


3.38 * 0.26 


4.63 * 0.75 


High dose 


30 


28.9 


3.23 ± 0.45 


4.20 ± 0.88 


F value 






2.02 


0.43 


P value 






>0.05 


>0.05 



3. The effect of the germination activated sporoderm- 
broken Ganoderma lucidum spore capsules (cell wall com- 
pletely penetrated) on the delayed allergic reaction of the 
mice is shown in Table 5. The thickness of the footpads of 
lucidum spore capsules with cell wall completely penetrated 50 ^ ^.^ . q ^ ^ mcdium and high dosc groups wcre 

did not have significant effect on body weights of the mice. compared to those of the control group and statistically 

processed. The results show significant differences between 
TABLE 3 t h e tested and control groups. 



Effects of Germination Activated SpoToderm-Broken 
Ganoderma lucidum Spore Capsules 
(Cell Wall Completely Penetrated) on Body Weights of the Mice 
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TABLE 5 



No. of 



Group (mice) 



Initial Body 
Weight (g)' 



Intermediate 

body 
weight (g)' 



Final body 
weight (g)' 



Difference 
between 
Final and 
Initial 
Body 
Weigh! 
(8)* 



Effects of the Germination Activated Sporodenn-Broken 
Ganoderma lucidum Spore Capsules (Cell Wall Completely Penetrated) 
on the Delayed Allergic Reaction of the Mice 



60 



Control 

group 

Low 



10 23.0 * 1.15 24.9 x 0.75 27.7 x 0.95 4.8 * 1.24 
30 22.9 * 1.23 25.2 * 0.76 28.0 ± 3.34 5.1 ± 0.82 







Thickness (mm) 








of the left 


p value 




No. of 


rear footpad 


(compared to the 


Group 


animals 


(Mean * S.D.) 


control group) 


Control group 


10 


0.43 * 0.16 




Low dose 


10 


0.71 * 0.22 


<0.01 


Medium dose 


10 


0.68 x 0.10 


<0.01 
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TABLE 5-continued 
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Effects of ihe Germination Activated Sporodemv Broken 
Ganoderma iucidum Spore Capsules (Cell Wall Completely Penetrated) 
on the Delayed Allereic Reaction of the Mice 




Thickness (mm) 






of the left 


p value 


No. of 


rear footpad 


(compared to the 


Group animals 


(Mean * S.D.) 


control group) 


High dose 10 


0.77 ± 0.19 


<0.03 



F value 7.70 (P < 0.01) 

Note: p value is the result of q test, and the comparison of each test group 
with the control groups 

4. The effect of the germination activated sporoderm- 
broken Ganoderma Iucidum spore capsules (cell wall com- 
pletely penetrated) on antibody titers of the serum hemolysin 
of the test animals is shown in Table 6. The results show that 
only the high dose group was significantly different from the 
control group, indicating that only at high dose the 
sporoderm-broken Ganoderna Iucidum spore capsules (cell 
wall completely penetrated) have effects on antibody titers 
of the serum hemolysin. 

TABLE 6 

Effect of the Germination Activated SporodernvBroken 
Ganoderma Iucidum Spore Capsules (Cell Wall Completely Penetrated) 
on Antibody Titers of Serum Hemolysin 



No. of 



Antibody product 



Standard 



p value 
(compared to 



Group 


Animals 


Mean 




Deviation 


the control group) 


Control Group 


10 


72.6 


± 


17.59 




Low dose 


10 


87 


X 


13.70 


>0.05 


Medium dose 


10 


89.6 


X 


13.43 


>0.05 


High dose 


10 


103.4 




16.19 


<0.01 



F value 6.78 (p < 0.01) 

Note: p value is the result of q test, and the comparison of each test group 
with the control groups. 

5. The effect of the germnuation activated sporoderm- 
broken Ganoderma Iucidum spore capsules (cell wall com- 
pletely penetrated) on the carbon clearance phagocytic index 
of the mice is shown in Table 7. Only the high dose group 
shows significant difference as compared to the control 
group, indicating that at high dose, the germination activated 
sporoderm-broken Ganoderma Iucidum spore capsules (cell 
wall completely penetrated) significantly increase the car- 
bon clearance phagocytic index of the test animals. 



IV. Conclusion: 

By using the germination activated sporodern-broken 
Ganoderma Iucidum spore capsules (cell wall completely 
penetrated), the delayed allergic reaction of the mice, 
induced by the sheep erythrocytes, was significantly 
increased (as measured by the increase in the thickness of 
the footpad) and the thickness of the footpad was increased, 
indicating an effect on increasing the immune fimeuon of the 
cells; the antibody titer of the blood serum hemolysin of the 
animals tested was significantly elevated, indicating an 
effect on increasing the humoral immune function; and the 
carbon clearance phagocytic index of the animals tested was 
significantly increased, indicating an effect on increasing the 
phagocytosis by the macrophages* 

The results also show that the germination activated 
sporoderm-broken Ganoderma Iucidum spore capsules (cell 
wall completely penetrated) exhibit iramunoregulatory 
effects. 

Experimental Example 3 

Toxicoloy Tests and Tests of Prevention of 
Bacterial Infections on Ganoderma in Mice 

I. Material: 

1. Test materials: The germination activated sporoderm- 
broken ganodenna spores samples appeared as brown pow- 
ders. After going through a 100 mesh sieve, 120 g of the 
samples were mixed with 300 mL distilled water and stirred 
for 15 min in a stirrer at 7000 rpm. They were then bottled, 
underwent sterilization, and a 0.4 g/mLof a pasty liquid was 

30 obtained. Dose was given twice a day via gastric gavage. 

2. Animals: Healthy N1H white mice were obtained from 
Guangdong Medical Animals Farm, with body weights of 
18-22 g. 

II. Methods and Results: 
1. Acute toxicity LD 5D test: 

Forty (40) N1H small white mice with body weights of 
18-22 g, half male and half female, were used in this test. 
The mice were randomly divided into 4 groups. One dose 
was given via gastric gavage on empty stomach. Observa- 
tion was carried out for a week and the results are shown in 
Table 8. 

TABLE 8 
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TABLE 7 


Effects of the Germination Activated Sporoderm-BrokeD 
Ganoderma iucidum Spore Capsules (Cell Wall Completely Penetrated) 
on the Carbon Clearance Phagocytic Index of Mice 




Carbon clearance 
No. of phagocytic index 


p value 
(compared to the 


Group 


Animals Mean * 


S.D. 


control group) 


Control Group 
Low dose 
Medium dose 
High dose 


30 4.59 * 
10 4.7 * 
10 5.01 * 
10 5.2 * 


0.34 
0.59 
0.21 
0.39 


>0.05 
>0.05 
>0.05 





Acute toxicity test results 




Dose 


No. of animals 


No. of dead 


animals 


(g/kg) 


Female 


Male 


Female 


Male 


23.50 


5 


5 


0 


0 


10.00 


5 


5 


0 


0 


4.64 


5 


5 


0 


0 


2.15 


5 


5 


0 


0 



F value 4.73 (p < 0.01) 

Note: p value is the result of q lest, and the comparison of each lest group 
with the control groups. 



Result: The activity and food consumption of the test mice 
55 appeared normal. There was no deaths. The oral LD 50 was 
>21i g/kg BW. 

The results demonstrate that the sampled germination 
activated sporoderm-broken Ganoderma Iucidum spore cap- 
sules (cell wall completely penetrated) was nontoxic. The 
60 amount was 268.75 times the recommended treatment 
amount (0.08 g/kg BW). 
2. Bone marrow micronucleus test: 
Seventy (70) N1H mice with body weights of 20-23 g 
were used in this test. The mice were divided into 7 groups 
65 and testing was carried out according to the method of the 
Toxicological Evaluation Procedures for Food Safety. Doses 
were given twice daily via gastric gavage. Six (6) hours after 
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the second administration the mice were sacrificed, and both 
of the femurs were taken out for the preparation of slides, 
staining and examination under a microscope. Ten thousand 
polychromatic, erythrocytes (NCE) were examined. The 
numbers of micronucleated PCE (MN-PCE) were deter- 5 
mined and the results are shown in Table 9. 

Result: The micronucleus rale of the various dose groups 
of the germination activated sporodermn-broken Gano- 
derma lucidum spore capsules (cell wall completely 
penetrated) was similar to that of the blank control group and 10 
none of them showed a significant difference. The test 
showed a negative result. 



TABLE 9 



Mouse Bone Manow Micronucleus Test Result 





No. of 


No. of 


No. of 






Dose 


Animals 


Animals 


PCE 


No. of 


Micronuclci 


(g*g) 


(Male) 


(Female) 


Examined 


MN-PCE 


Ratio 


0 


5 


5 


10000 


14 


1.4 


10.00 


5 


5 


10000 


15 


1.5 


5.00 


5 


5 


10000 


14 


1.4 


2.50 


5 


5 


10000 


13 


1.3 


1.25 


5 


5 


10000 


14 


1.4 


0.62 


5 


5 


10000 


12 


1.2 


Cyclo- 


5 


5 


10000 


249 


24.9" 


phosphamide 












(0.06) 
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TABLE 10 



Effect of the Germination Activated Sporoderm-Broken 
Ganoderma lucidum Spore Capsules 
(Cell Wall Com pletely Penetrated^) on Mouse Sperm Deformation 



No. of 



No. of 
Sperm 



No. of 
Deformed 



Deformation 



Dose (g/kg) 


animals 


Examined 


Sperms 


Ratio 


0 


5 


5000 


98 


19.60 


10.00 


5 


5000 


98 


19.60 


5.00 


5 


5000 


94 


18.80 


2.50 


5 


5000 


92 


18.40 


Cyclophosph- 


. 5 


5000 


364 


72.80** 



amide (0.04) 
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•*The blank control group and the various dose groups compared to the 
cyclophosphamide group p < 0.01. 



"The blank control group and the various dose groups compared to the 
positive cyclophosphamide group p < 0.001. TWo-lail T-tesl statistical pro- 
cessing was used. 



Result: The sperm deformation ratios of the various dose 
groups treated with the germination activated sporoderm- 
20 broken Ganoderma lucidum spore capsules (cell wall com- 
pletely penetrated) were similar to that of the blank control 
group. Even when a dose as high as 50.00 g/kg BW was 
used, no induced deformation of the reproductive cells was 
found. 
25 4. Ames test 

Test bacteria (TA97, TA98, TA100, TA102) were supplied 
by the Bureau of Food Inspection, Department of Health in 
Beijing. Characteristics and the S9 activity of the bacteria 
were evaluated and they met the requirement: Using the 
30 Petri dish mixing method, two independent tests were car- 
ried out. Three dishes were prepared for each group and the 
results are shown in Table 11. 

Result: Whether or not S9 mixtures were added to each of 
the dose groups treated with the germination activated 



3. Sperm deformation test 

Twenty five (25) NIH mice with body weights of 18-22 
g were randomly divided into 5 groups and dosed via gastric 

gavage daily for 5 days (the cyclophosphamide positive 35 sporoderm -broken Ganoderma lucidum spore capsules (cell 

group received intraperitoneal injections). Thirty five (35) wall completely penetrated), the test results showed that the 

days later, the animals were sacrificed and both testicles number of colonies with reverse mutation was never more 

were taken out for the standard slide preparation and stain- than 2 times the number of colonies due to natural mutation, 

ing. Five thousand (5000) whole sperm from each set were There was no indication that the germination activated 

examined under an oil immersion lens and the sperm defor- 40 sporoderm-broken Ganoderma lucidum spore capsules (cell 

mation ratio was calculated. The results are shown in Table wall completely penetrated) could cause mutations directly 

10. or indirectly. 



TABLE 11 



Bacteria Test of the Germination Activated Sporoderm-Broken Ganoderma 
lucidum Spore Capsules Usine the Petri Dish Mixing Method 



Dosage 



TA97 



TA98 



TA100 



TA?02 



/ig/dish 


+S9 


-S9 


+S9 


-S9 


+S9 


-S9 


+S9 


-S9 


5000 


149 


135 


33 


32 


180 


167 


311 


296 


500 


154 


141 


37 


34 


148 


152 


311 


195 


50 


161 


152 


47 


36 


175 


164 


305 


288 


5 


149 


153 


35 


30 


167 


159 


299 


267 


0.5 


164 


159 


38 


35 


153 


146 


305 


288 


Natural reverse 




342 




39 




154 




.297 


mutation 


















Positive control 


















Atabrine 




>1500 




>1433 










Sodium azide 












>1500 






Mitomycin 










>1500 




>855 


>1500 


2 -Amino fluorine 


>1500 




>1600 









65 
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IV. Summary of Test results: 2. Test methods: 

1. LD*: 

As shown m Table 8, no adverse effects were observed in raU : were treate{ j v j a gavage every day with doses 

animals being given germination activated sporoderm- calculat e d according t0 , heir body wei ghts for 30 consecu- 

activated Ganoderma lucidum spores. Ine oral LD 50 w ^s 5 , „ ,. , , , 4 . , 

nTc 7 nvtr Tk i« / ♦ . • live days. The high dose group was gavaged twice every day 

over 21.5 g/kg BW. The results demonstrate that the germi- , ' , & 6 r j . * r 

nation activated sporoderm-broken Gflnodmmi /iidto and lhc CODlro1 8 r0U P was S ava S ed lhc sam * amount of 

spores arc nontoxic. distilled water. The body weights were taken every week and 

2. Micronucleus test lnc amount of the food consumed was detenrined while 
As shown in Table 9, the bone marrow micronucleus test 10 tracking the physiological indexes of the animals. 

was conducted to study whether germination activated 

sporoderm-broken Ganoderma lucidum spore capsules (cell (2) Standard blood tests were carried out at the end of the 

wall completely penetrated) in the dosage ranging between treatment. The blood tests included the erythrocyte counts, 

0.62 and 10 g/kg BW have effects on cell mutation. Results hemoglobirij white blood cell ^ otber differential cell 

show no significant differences between the Ganoderma is . ... . - . . . . „ tU 

lucidum group and the blank control group, indicating that ^wcu^ 

germination activated sporoderm-broken Ganoderma luci- R-1000SYSME blood cell counter made in Japan. For blood 

dum spores did not induce cell mutation in vivo. biochemistry, blood sugar, albumin, triglycerides, total 

3. Sperm deformation test cholesterol, creatinine, glutamate-pyruvate transaminase 
As shown in Table 10, the sperm deformation rate for 20 and blood urea nitrogen were tested. Measurements were 

animals which were given 2.5-10 g/kg BW of germination carried out using the ALIZE automatic biochemical analyzer 

activated sporoderm-broken Ganoderma lucidum spores made in France, 
was the same as that of the blank control group (statistically 

insignificant), indicating that the germination activated (3) j n each animal, the liver, kidney, spleen, heart and 

sporoderm-broken Ganoderma lucidum spores did not 25 lesl i c i cs were extracted and weighed. These organs were 

induce sperm deformation in vivo. ^en prcservcd in formaldehyde. Slides were prepared and 

4. Ames test stained for pathological observations. 
As shown in Table 11, Germination activated sporoderm- 
broken Ganoderma lucidum spores in the dosage of 

0. 5-5000 pg/dish did not significantly induce reverse muta- 30 UI * Result and ^ys 15 : 
tion (the test results show that the number of colonies due to 

reverse mutation was never more than 2 times the number of 1- The rats from the different dose groups grew well and 

colonies due to natural mutation). The results also show that there were no significant differences when compared to the 

germination activated sporoderm-broken Ganoderma luci- control group (p>0.05) (See Tables 12 and 13). The food 

dum spores did not cause mutations directly or indirectly. 35 consumption and utilization rate of the food in the dose 

Experimental Example 4 6 r0U P s show n0 si E nificant differences from the control 

group (See Table 13). 

Toxicology Tests of Ganoderma in Rats 

1. Material: 2. In the final blood test, none of the specific indexes 

1. Test material: The samples .appeared as brown powders. 40 shQwed si ificant differe nces when compared to the 
After going through a 100 mesh sieve, 120 g of the samples , , « Tu , 1i( v 

were mixed with 300 L distilled water and srirred for 15 min CODlro1 ^ ( See Table 14 > 
at 7000 rpm. They were then subjected to sterilization 

treatments for 20 min, and made into pastes. One (1) mL of 3 - In lne blood chemistry studies, the blood sugar levels 

the paste was about 0.4 g of the samples. 45 of the male rats were significantly decreased in the low and 

2. Animals: Healthy SD rats supplied by the Guangdong medium dose groups (p<0.01) as well as iD the high dose 
Medical Animals Farm. group(p<0.05), as compared to the control group. The blood 
II. Methods: sugar levels of the female rats were also significantly 

Ninety six (96) homogenous healthy SD rats with body reduced in the low dose group (p<0.01) as well as in the 

weights of 80-88 g were randomly divided into 4 groups 50 medium and high dose groups (p<0.05), as compared to the 

with 24 rats for each group, half male and half female. The control group. However, these values were still within the 

average difference in body weight in each of the group was normal ranges. There were significant differences in the 

less than *5 g. Observation was carried out for 1 week blood mt ^ m i r0 gen content of the male rats in the low and 

before the administration of the drug to see if there were any medium dose groups when compared to the control group 

abnormal activities, feeding or characteristic appearances. 55 (p<o.05). There were significant differences in the triglyc- 

1. Dosage: The recommended treatment dosage for adult efide of lhe femak rals in the , ow and high dose groups 

humans was 4 times daily, 4 capsules (0.3 g per capsule) wfaen red l0 thc conlro , (p<0.05). There were 

each time. TTiis dosage b based upon the assumption that an DQ si ificam diffcrcnccs m lh e other indexes of any of the 

adult human weighs 60 kg. This dosage can be converted , , . , ( <u , - „ _ /c „ tv K i. 

, . r a no n t>x\i T7 «u • i . • „ ^sl groups when compared to the control group (See Table 

into the dosage of 0.08 g/kg BW. For the animal toxicity 60 c\ 

testing, three test groups and one control group were set up 
respectively so that each group contained 12 rats with half 

of them male and half of them female. 4. There were no significant differences in the organ 

Blank control group: Distilled water indexes of each of the test groups when compared to the 
25X group: 2.0 g/kg/day 65 control group (See Table 16). Pathological observation 

SOX group: 4.0 g/kg/day showed that there were no pathological abnormalities of the 

100X group: 8.0 g/kg/day organs in any of the test groups. 



US 6,316,002 Bl 
21 22 

TABLE 12 



Increase in Body Weights of the Rats 







Original 


Body weight Body weight Body weight Body weight 






body weight 


after First 


after Second 


after Third 


after Forth 


Sex 


Group - 


(g)- 


week(g) # ' 


weex (g)** 


week(g)*' 


week (g)"' 


Male rats 


Control 


87 s 9.4 


120.2 * 11.0 


152.1 * 12.9 


192.0 * 13.4 


242.3 * 17.6 




25 Times 


88.0 * 6.7 


125.1 * 9.3 


145.0 * 9.9 


190.6 * 11.5 


242.0 * 18.2 




50 Tunes 


85.7 x 8.6 


125.8 x 15.2 


148.4 ± 12.1 


192.9 * 12.2 


235.5 * 24.0 




100 Times 


86.6 * 8.9 


123.0 * 13.7 


154.7 * 17.0 


202.2 * 18.3 


251.6 * 25.8 


Female rats 


Control 


82.4*7.5 


109.2 x 8.0 


148.8 * 8.2 


165.1 * 14.0 


202.6 ± 16:1 




25 Times 


80.5 * 7.3 


117.7*9.2 


144.3 * 9.9 


174.2 * 12.0 


206.2 x 11.5 




50 Tunes 


80.5 ± 5.9 


112.4 x 15.2 


141.2 * 9.9 


171.5 * 13.1 


199.6 x 17.2 




100 Tunes 


81.7 x 6.6 


115.3 * 13.0 


144.1 x 14.7 


171.5 x 16.2 


206.8 ± 249 


F Value 


Male 


0.15 


0.48 


0.75 


1.33 


1.27 




Female 


0.21 


2.73 


1.01 


0.94 


0.45 



"Each group contains 12 animals. 
■"Values are expressed as Mean * SD. 



TABLE 13 



Increase in Body Weights, Food Consumption and Utilization 











Increase in 


Amount of food 








Initial body 


Final Body 


the body 


consumed 


Utilization of 


Sex 


Group" 


weight (g)"* 


weight (g)** 


weight (g) 


(g/mousc) 


food 


Male rats 


Control 


87 * 9.4 


242.3 ± 17.6 


155.2 * 20.1 


596.4 


26.02 




25 Times 


88.0 * 6.7 


242.0 * 18.2 


154.0 * 15.5 


656.7 


23.45 




50 Times 


85.7 * 8.6 


235.5 * 24.0 


149.8 * 24.3 


625.6 


23.95 




100 Times 


86.5 * 8.9 


251.6 * 25.8 


165.1 * 19.5 


640.9 


25.76 


Female rats 


Control 


8X4 x 7.5 


201.6 ± 16.1 


119.2 ± 19.5 


552.8 


21.56 




25 Tunes 


80.5 * 7.3 


206.2 * 11.5 


125.7 * 11.8 


574.8 


21.87 




50 Tunes 


80.5 x 5.9 


199.6 ± 17.2 


119.1 * 14.7 


569.2 


20.92 




100 Times 


81.7 x 6.6 


206.8 * 24.9 


125.1 * 25.5 


565.7 


22.11 



Net increase in body F - 1.27 P > 0.05 Net increase in body F - 1.12 P > 0.05 

weight of the male rats weight of the female rats 



"Each group contains 12 animals. 
"•Mean ± SD. 



TABLE 14 

Standard Blood Indexes 



Other 







Red Blood 






White blood 




white 








Cells 


Hemoglobin 


Blood platelets 
(x 10 19 /L)"" 


cells 


Lymphocytes 


cells 


Neutrophils 




Gtoup" 


(x 10 12 /L) 


(g/L)" 


(x 10 9 /L)"" 


(«)•• 


(%)" 


(%)*" 


Male 


Control 


6.84 x 0.36 


124.2 * 10.1 


1063.2 * 167.4 


7.17 * 1.23 


. 90.4 * 5.4 


5.5 * 3.2 


4.1 * 2.4 


rats 


25 Times 


6.57 x 0.51 


122.2 * 13.8 


931.8 x 90.9 


10.85 x 333 


90.9 x 3.8 


4.3 * 1.7 


4.8 x 2.5 




50 Times 


6.51 * 0.41 


122.5 x 14.1 


981.7 * 1903 


9.40 * 1.86 


90.6 x 3.9 


4.8 * 1.7 


4.6 * 2.7 




100 Tunes 


6.71 * 0.38 


123.2 * 10.6 


1169.8 * 254.2 


8.12 x 2.00 


91.3 * 2.5 


4.8 x 1.4 


3.9 * 1.6 


Fern. 


Control 


6.74 * 0.66 


132.0 ± 10.1 


1155.7 * 1963 


9.63 * 339 


913 * 4.7 


43 * 2.0 


4.4 x 2.8 


rats 


25 Times 


632 * 0.62 


126.1 * Z9 


1202.5 * 256.6 


10.68 * 2.89 


93.6 * 2.8 


3.9 * 1.6 


3.7 ± 1.2 




50 Times 


6.43 * 0.91 


133.2 * 9.2 


1241.8 * 199.6 


8.73 x 1.79 


903 * 4.4 


4.8 * 1.8 


4.8 * 3.2 




100 Tunes 


6.33 * 030 


127.8 * 7.7 


1440.2 * 377.5 


10.42 * 1.19 


92.2 x 4.2 


4.1 * 1.9 


3.8 * 2.4 



White blood cells F - 5.14 P < 0.01 Compared to the control group P < 0.05 



•Each group contains 12 animals. 
"Values are expressed as Mean * SD. 
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TABLE 15 



Blood Chemistry 



Cluunutc 











Total 


Blood urea 


pyruvate 










Blood sugar 


Triglycerides 


cholesterol 


nitrogen 


transaminase 


Serum albumin 


Creatinine 




Group* 


(mmol/L) 


(mmol/L) 


(mmol/L) 


(mmol/L) 


(IU/L) 




(mmol/L) 


Male 


Control 


3.73 ± 0.59 


1.41 t 0.37 


3.78 * 0.23 


30.29 * 1.61 


51.0 x 7.6 


38.09 x 1.42 


66.76 ± 4.91 


rats 


25. Tunes 


2.65 * 0.67 


1.67 ± 0.44 


1.98 * 0.30 


8.64 ± 132 


55.8 x 30.5 


40.73 ±1.72 


65.57 x 6.52 




50 Times 


2.75 * 0.41 


1.63 * 0.42 


1.90 * 0.41 


8.40 ± 1.58 


55.8 * 11.7 


41.42 ±139 


66.57 ± 5.52 




100 Times 


3.08 ± 0.48 


1.36 ± 0.39 


3.73 * 0.36 


9.44 x 2.07 


59.1 ± 30.9 


40.91 ± 0.91 


67.56 ± 4.91 


Female 


Control 


4.92 ± 0.63 


0.79 ± 0.18 


3.83 * 0.29 


8.88 ± 1.50 


48.0 x 83 


40.72 ± 0.96 


70.60 ± 6.26 


Rots 


25 Times 


3.75 ± 0.59 


1.10 * 0.25 


1.94 * 0.28 


9.24 * 0.95 


53.8 x 31.9 


40.28 ± 1.44 


70.33 ± 4.23 




50 Tunes 


4.24 ± 0.37 


0.92 * 0.20 


1.78 * 0.22 


9.99 * 1.42 


54.1 x 6.9 


41.69 ± 138 


73.98 ± 6.14 




100 Times 


4.27 ± 0.55 


1.02 ± 0.23 


1.99 ±0.39 


8.95 x 2.07 


51.6 * 13.2 


41.85 ± 2.56 


74.84 x 7.81 




F value 


Male 7.08 


0.05 


132 


4.49 


1.26 


0.78 


0.28 






Female 9.60 


4.59 


1.19 


3.3 


0.03 


2.42 


1.64 



"Each group contains 12 animals. 
••Values are expressed as Mean ± SD. 



TABLE 16 



Organ Indexes 





Group' 


Heart (g)** 


Liver (g)" 


Spleen (g)" 


Kidney (g)" 


Testicles (g)*' 


Male rats 


Control 


0.31 x 0.03 


2.67 ± 0.18 


0.24 ± 0.03 


0.63 * 0.05 


0.86 ± 0.09 




25 Tunes 


0.31 ± 0.03 


2.60 ± 0.18 


0.26 ± 0.05 


0.64 x 0.04 


0.82 ± 0.12 




50 Times 


0.30 ± 0.03 


2.60 ± 0.45 


0.24 ± 0.05 


0.65 ± 0.07 


0.87 ± 0.14 




100 Times 


0.31 ± 0.03 


2.65 ± 0.17 


0.21 ± 0.02 


0.63 ± 0.05 


0.86 ± 0.08 


Female 


Control 


0.32 ± 0.02 


2.44 ± 0.23 


0.26 ± 0.05 


0.63 x 0.30 




rats 


25 Tunes 


0.31 ± 0.03 


2.47 ± 0.72 


0.27 ± 0.03 


0.64 ± 0.06 






50 Times 


0.33 ± 0.04 


2.24 ± 0.78 


0.25 ± 0.78 


0.67 i 0.08 






100 Tunes 


0.33 ± 0.03 


2.45 ± 0.34 


0.25 ± 0.05 


0.64 x 0.07 





"Each group contains 32 animals. 
'Each group contains 12 animals. 
••Values are expressed as Mean ± SD. 



IV. Summary of Test Results 

In the present lest, 25, 50 and 100 times the recommended 
amount (0.08 g/kg BW) of the germination activated 
sporoderm-broken Ganoderma lucidum spore capsules (cell 
wall completely penetrated) were administered to growing 
SD rats of both male and female. The control group was 
given distilled water. The duration of the test lasted for 30 
days and the final results were: 

1. Compared to the control group, there was no significant 
difference in the increase in body weight of the test rats 
given the pure Ganoderma lucidum spores. 

2. The standard blood test showed a basically normal 
result. 

3. The blood chemistry there was a slight decrease in the 
blood sugar, a slight increase in the triglycerides for the 
female but these were within the normal range. 

4. Examination of the pathological biopsies of the organs 
of the rats from each of the dose groups showed no abnor- 
malities. 

Conclusions: Examination of the 30 days feeding with the 
germination activated sporoderm-broken Ganoderma luci- 
dum spore capsules (cell wall completely penetrated) 
showed that all the indexes were normal, and they could be 
safely used. 

Exerimental Example 5 

Antitumor Activity of Germination Activated 
Sporoderm-broken Ganoderma Spores 
I. Objective 

The objective of this study is to investigate in vivo 
antitumor effects of germination activated ganoderma spore 



on inoculated animal solid tumors such as mouse hepatoma, 
mouse sarcoma 180 (S-180) and mouse reticulocyte sarcoma 

40 (L-n). 

II. Methods: 

Experimental NIH mice, 20-22 g weight and equal num- 

45 bers of females and males, were obtained from Experimental 
Animal Center, Public Hygiene Office of Guangdong 
Province, China. The strains for mouse sarcoma 180 
(S-180), mouse hepatoma, and mouse reticulocyte sarcoma 

50 (L-Il) were from Cancer Institute, Sun Yat-sen University of 
Medical Sciences, Guangzhou, China. The germination acti- 
vated ganoderma spore suspensions (0.2 g/ml) were pro- 
vided according to the present invention by Guangzhou 

55 Green Food Engineering Co. Ltd. and Green Power Health 
Products International Co. Ltd. (Hong Kong). Cyclophos- 
phamide (CTX) were purchased from 12'* Medicine 
Factory, Shanghai. Adriamycin was purchased from Shen- 

60 zhen Wong Don Pharmaceutical Company. 

Mouse sarcoma 180 (S-180), mouse hepatoma, and 
65 mouse reticulocyte sarcoma (L-II) cells were extracted and 
diluted with physiological saline under aseptic condition. 
The right armpit of each mouse was inoculated with 0.2 ml 
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(lxlO 7 cells) of tumor cell suspensions. The inoculated mice 
were randomly divided into five groups (10-2 rats per 
group): (1) negative control group (animals were given 
saline [20 ml/kg/d]); (2) positive control group (animals 
were given cyclophosphamide [20 mg/kg/dj; (3) low dose 
of ganoderma spore group (2 g/kg/d); (4) medium dose 
group (4 g/kg/d); and (5) high dose of group (8 g/kg/d). 
Treatment was initiated 24 hours after inoculation for a 
duration of seven days. For low and medium dose groups, 



The t-test was employed to compare the difference 
between the treatment group and the control group. 
111. Results: 

A. Inhibitory effect of germination activated ganoderma 
spore on mouse sarcoma 180 (S-180). 

The experimental results are displayed in Table 17. The 
antitumor inhibitory (three replications) for 2 g/kg//d of 
ganoderma spore group was 42.3-45.2%; the tumor inhibi- 



drug was given via gavage one time every morning. For high 10 tory ralc ^ lhrec replications) for 4 g/kg/d of ganoderma spore 



dose group, drug was given via gavage one time in the 
morning and another in the afternoon. The movement, coat 
glossiness, and stools of mice were observed. Then the mice 
were sacrificed by cervical dislocation on the eighth day and 
weighed with an electric balance. The tumor in the armpit 15 
was excised and weighed. The ami tumor effect was evalu- 
ated by the tumor inhibitory rate: 

The tumor inhibitory rate (1R %)«[l-(Average tumor 

weight of the treatment group/Average tumor weight of 

the control group)]xl00% 



group was 56.2-57.3%; the tumor inhibitory rate (three 
replications) for 8 g/kg/d/ of ganoderma spore group was 
79.3-82.0%. The t-test shows that the difference between 
the average tumor weight for the groups treated with gano- 
derma spores and the average tumor weight for the negative 
control group was significant (p<0.001). Moreover, after 
taking the ganoderma spores, the experimental mice gained 
weight dramatically and were in good conditions without 
side effects such as hair lost and diarrhea. 



TABLE 17 



The Inhibitory Effect of Germination Activated Ganoderma lucidum 

Spores on Mouse Sarcoma 
80 (S-l 8CT) 



Dost/day No. of animal 



Wei ght 



Tumor 



Anti- 
tumor 



Group 


(7 days) 


begin/end 


Control 


20 ml/kg 


10/10 


CTX 


20 mg/kg 


10/10 


GS 


2g/kg 


10/10 


GS 


4g/kg 


10/10 


GS 


8g/kg 


10/10 


Control 


20 ml/kg 


10/10 


CTX 


20 mg/kg 


10/10 


GS 


2g/kg 


10/10 


GS 


4g/kg 


10/10 


GS 


8g/kg 


10/10 


Control 


20 ml/kg 


10/10 


CTX 


20 mg/kg 


10/10 


GS 


2 g*g 


10/10 


GS 


4 g/kg 


10/10 


GS 


8g/kg 


10/10 



Begin 



End 



Changes Weight (g) B (%) 



20.80 * 0.60 
21.02 * 0.50 

21.01 a 0.40 

21.02 * 0.50 
21.20 x 030 
20.75 a 0.80 
21.25 * 0.80 
21.05 a 0.70 
21.25 a 0.50 
21.35 a 0.60 
20.65 a 0.60 
21.30 * 0.70 
21.05 a 0.70 
21.35 * 0.40 
21.40 * 0.60 



26.10 a 0.50 
2430 a 0.40 
26.61 a 0.31 
26.63 a 0.20 
2735 a 0.35 
25.08 a 0.84 
24.65 a 1.10 
25.26 a 0.95 
25.57 x 1.16 
26.42 a 1.20 
2530 a 0.44 
2433 a 0.80 
26.19 * 0.97 
25.84 a 1.03 
27.28 * 0.81 



+530 


2.01 a 031 






+3.28 


0.80 a 0.22 


60.2 


<0.001 


+5.50 


1.16 a 0.23 


423 


<0.001 


+5.51 


0.87 * 0.24 


56.2 


<0.001 


+6.15 


0.40 a 0.22 


79.3 


<0.001 


+433 


2.17 a 0.42 






+3.40 


0.86 a 0.23 


60.4 


<0.001 


+4.21 


1.20 a 0.23 


44.9 


<0.001 


+4.32 


0.94 x 0.24 


56.9 


<0.001 


+5.07 


039 a 0.12 


82.0 


<0.001 


+4.65 


2.17 x 0.42 






+3.03 


0.87 x 0.24 


60.1 


<0.001 


+5.14 


1.19 a 0.13 


45.2 


<0.001 


+4.49 


0.93 x 0.21 


57.3 


<0.001 


+5.88 


039 x 0.12 


82.0 


<0.001 



CTX—cyclophosphamide, GS — ganoderma spores 
* Values are expressed as Mean a S.D. 



B. The inhibition of gemiination activating ganoderma 
spore on mouse hepatoma. 

Table 18 demonstrates that the tumor inhibitory rate (three 
replications for 2 g/kg/d of ganoderma spore group was 
52.2-74.5%; the tumor inhibitory rate (three replications) 
for 4 g/kg/d of ganoderma spore group was 63.7-77.7%; the 
tumor inhibitory rate (three replications) for 8 g/kg/d of 
ganoderma spore group was 73.2-86.1%. The t-test shows 
that the difference between the average tumor weight for the 
groups treated with ganoderma spore and the average tumor 
weight for the Degative control group is significant 
(p<0.01~0.001). 



US 6,316,002 Bl 



27 



28 



TABLE 18 



The Inhibitory Effea of Germination Activated Ganoderma Spores on Mouse Hepatoma 



Anti- 



Dosc/day 
Group (7 days) 



Mo. of animal 




WeiRht 00* 




Tumor 


tumor 




begin/end 


Begin 


End 


Change 


weight (g)* 


(%) 


P 


10/10 


21.43 x 1.11 


30.66 x 3.76 


+9.23 


1.46x033 






10/10 


21.68 * 1.05 


26.72 * 2.09 


+5.04 


0.22 x 0.12 


84.8 


<0.01 


10/10 


20.50 * 0.50 


38.61 * 1.90 


+8.11 


0.66 x 0.14 


54.7 


,<0.01 


10/10 


20.78 x 0.84 


26.67 x 183 


+5.89 


037 x 0.22 


74.5 


<0.001 


10/10 


20.85 x 0.75 


26.71 * 1.84 


+5.86 


0.20 x 0.13 


86.1 


<0.01 


10/9 


21.88 * 1.17 


34.73 * 4.99 


+1190 


234 x 0.61 






10/10 


21.71 * 1.05 


31.49 x 4.39 


+9.78 


0.66 x 0.24 


71.7 


<0.01 


10/10 


22.07 s 1.03 


30.54 x 3.38 


+8.47 


0.74 i 0.23 


62.8 


<0.01 


10/10 


21.87 ±1.03 


31.16 x 3.07 


+9.92 


032 x 0.12 


77.7 


<0.01 


10/9 


21.90 * 0.90 


30.94 x 138 


+9.00 


0.44 x 0.24 


81.04 


<o.or 


12/12 


22.11 * 1.04 


29.00 ± 100 


+6.89 


137 x 0.22 






12/12 


22.09 * 1.1 


28.84 * 127 


+6.75 


0.46 x 0.14 


70.7 


<0.01 


12/12 


22.21 * 1.2 


3037 * 173 


+8.16 


0.75 x 0.61 


52.2 


<0.01 


12/12 


22.13 * 1.4 


2938 * 158' 


+7.70 


0.57 x 0.23 


63.7 


<0.001 


12/12 


22.2 x 1.15 


29.96 x 186 


+7.76 


0.42 x 0.22 


73.2 


<0.001 



Control 

CTX 

GS 

GS 

GS 

Control 

CTX 

GS 

GS 

GS 

Control 

crx 

GS 
GS 
GS 



20 ml/kg 
20 mg/kg 
2g/kg 
4 g/kg 
8g/kg 
20 ml/kg 
20 mg/kg 
2 g/kg 
4 g/kg 
8 g/kg 
20 ml/kg 
20 mg/kg 
2 g/kg 
4 g/kg 
8 g/kg 



CTX — cyclophosphamide, GS — ganoderma spores 
'Values are expressed as Mean x S.D. 



C. The inhibition of germination activated ganoderma 
spore on mouse reticulocyte sarcoma (L-II). 

As shown in Table 19, the tumor inhibitory rate (three 
replications) for 2 g/kg/d of ganoderma spore group was 
54.9-66.8%; the tumor inhibitory rate (three replications) 
for 4 g/kg/d of ganoderma spore group was 66.9-70.9%; the 
tumor inhibitory rate (three replications) for 8 g/kg/d of 
ganoderma spore group was 76.2-79.6%. The t-test shows 
that the difference between the average tumor weight for the 
groups treated with ganoderma spore and the average tumor 
weight for the negative control group was significant 
(p<0.001). 
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hepatoma, mouse sarcoma 180(S-180) and mouse reticulo- 
cyte sarcoma (L-II). It is reasonable to expect similar effects 
on tumors in humans. It is suggested that the germination 
activated ganoderma spores promote and activate the body's 
homeostasis response and help to regulate the hormones and 
receptors in metabolism, neuroendocrine and immune 
systems, hence to modulate, consolidate and strengthen the 
body's resistance to diseases. 

Experimlental Example 6 
Comparative Studies of the Antitumor Effects 
Between Non-sporoderm Broken and Sporoderm- 
broken Ganoderma Spores 

I. Objective: 



TABLE 19 



The Inhibitory Effect of Germination Activated Ganoderma Spores on Mouse 
Reticulocyte Sarcoma (L-II) 



dose/day No. of animal 



Weight (e^* 



Tumor 



Anti- 
tumor 



Group (7 days) 



Begin/end 



Begin 



End 



Change Weight (g)' (%) 



Control 

ADM 

GS 

GS 

GS 

Control 

ADM 

GS 

GS 

GS 

Control 

ADM 

GS 

GS 

GS 



20 ml/kg 

1 mg/kg 

2 g/kg 
4 g/kg 
8 g^g 
20 ml/kg 

1 mg/kg 

2 g/kg 
4 g/kg 
8 g/kg 
20 ml/kg 
1 mg/kg 
* g/kg 

4 g/kg 
8 g/kg 



10/10 


20.89 * 1.01 


30.46 s 1.86 


+9.61 


0.21 * 0.41 






10/10 


20.88 * 1.03 


27.83 * 1.84 


+7.04 


0.78 ± 0.26 


64.7 


<0.001 


10/10 


20.88 x 1.04 


30.62 * 1.47 


+9.68 


0.97 * 0.08 


56.1 


<0.001 


10/10 


20.88 '* 1.04 


30.73 * 1.08 


+9.82 


0.67 ± 0.12 


69.9 


<0.001 


10/10 


20.88 * 1.04 


32.51 * 1.93 


+11.60 


0.45 ± 0.33 


79.6 


<0.001 


12/12 


21.08 * 0.90 


30.85 ± 2.41 


+9.77 


2.28 ± 0.61 






12/12 


21.17 * 0.83 


28.67 ±2,15 


+7.05 


0.78 ± 0.33 


66.0 


<0.001 


12/12 


21.14 * 0.65 


30.19 * 2.16 


+9.05 


0.76 ± 0.30 


66.8 


<0.001 


12/12 


21.08 * 0.79 


29.92 ±1.16 


+8.83 


0.66 ± 0.26 


70.9 


<0.001 


12/12 


21.17 x 0.83 


31.58 ± Z97 


+10.4 


0.54 ± 0.24 


76.2 


<0.001 


12/12 


22.42 * 0.51 


29.22 ± 2.64 


+6.80 


1.72 ± 0.44 






12/12 


22.44 x 0.61 


27.74 ± 0.74 


+5.30 


0.74 ± 0.26 


56.8 


<0.001 


12/12 


22.38 x 0.59 


28.55 x 3.36 


+6.17 


0.79 ± 031 


54.0 


<0.001 


12/12 


22.34 x 0.39 


30.64 * 3.21 


+8.30 


0.50 ± 0.17 


70.9 


<0.001 


12/12 


22.55 x 0.89 


29.53 ± 4.41 


+6.98 


036 ± 0.20 


79.4 


<0.001 



ADM — adriamycin 

GS — ganoderma spores 

"Values are expressed as Mean x S.D. 



IV. Conclusions: The objective of the following experiments is to investi- 

The results of Tables 17-19 demonstrate that germination 65 g alc lhc antitumor effects of non-sporoderm-broken and 

activated ganoderma spores have significant inhibition sporoderm-broken ganodenna spores on transplanted 

effects on transplanted animal solid tumors such as mouse hepatoma in mice. 
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II. Materials and methods: 

The experimental NIH mice, 18-22 g in weight and equal 
numbers of females and males were purchased from the 
Experimental Animal Center, Public Hygiene Office of 
Guangdong Province, China. The mice hepatoma strains 
were from the Cancer Institute, Sun Yat-Sen University of 
Medical Sciences. The sporoderm-broken and non 
sporoderm-broken ganoderma spores were provided by 
Guangzhou Green Food Engineering Co. and Green Power 
Health Products Int'l Co., Ltd. 

The mouse hepatoma cells, kept in the abdominal cavity 
for seven days were extracted and diluted with physiological 
saline solution under aseptic condition. Under asepsis, 0.2 
ml of tumor cells suspension (lxlO 7 cells) were subculane- 
ously inoculated into the right armpit of mice. The mice 
were randomly divided into eight groups: (1) negative 
control group; (2) positive control group; (3) low dose of 
non-sporoderm-broken group; (4) medium dose of non- 
sporoderm-broken group; (5) high dose of non-sporoderm- 
broken group; (6) low dose of sporoderm-broken group; (7) 
medium dose of sporoderm-broken group; and (8) high dose 
of sporoderm-broken group. Each group contained 10 mice. 
Twenty four (24) hours after inoculation, ganoderma spores 
were given via gastric gavagc for seven days. The positive 
control animals received cyclophosphamide (CTX). The 
dosage used in each group is illustrated below: 



Treatments 



Negative control group (saline): . 


20 ml/kg/d 


Positive control group: 


20 mg/kg/d 


Ganoderma Spores groups 




Low dose group 


2 g/kg/d 


Medium dose group 


4 g/kg/d 


High dose group 


8 g/kg/d 



For the low and medium dose groups, the experimental 
and control suspensions were given in the morning, for high 
dose group, the suspensions were given once in the morning 



and once in the afternoon. This continued for seven days. 
During this period the animals were observed for their 
movements, stools, and coats. The mice were then sacrificed 
by cervical dislocation on the eighth day. Their weights were 
determined with an electric balance. The tumors were 
exposed, excised and weighed. The tumor inhibitory rate 
was evaluated, calculations were performed as above. 

The entire experiment was repeated three times. The t-test 
was employed to compare the differences among the groups. 
111. Results: 

A. Tumor inhibition rate for the non-sporoderm broken 
ganoderma spores: (see Table 20). 

Low Dose Group-6.1%, 8.2% and 6.0% (three 
replications) 

Medium Dose Group- 18.2%, 20.8% and 22.6% (three 
replications) 

High Dose Group— 4.8%, 3.1% and 2.4% (three 
replications) 

The tumor inhibition rate was highest in the medium dose 
group and lowest in the high dose group. Statistical analysis 
with t-test showed a significant difference p<0.05 only 
within the medium group but not the high or low dose group 
25 (p>0.05). 

B. Tumor inhibition rate for the sporoderm-broken gano- 
derma spores: (See Table 20). 

Low Dose Group-27.1%, 30.2% and 33.3% (three 
replications) 

Medium Dose Group«38.2%, 39.6% and 42.3% (three 
replications) 

High Dose Group-43.3%, 45.3% and 45.8% (three 
replications) 

Statistical analysis with t-test showed significant differ- 
ences on tumor weight between the experimental groups and 
the negative control group. Also, during the entire experi- 
mental period, no toxic side effects were observed. The 
movement, stools, and coat of the mice were all normal and 
no mice died during this period. 
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TABLE 20 




Tumor Inhibition by Non Sporoderm- Broken and Sporoderm- Broken 
Ganoderma Spores 








Tumor 

Dose/da v No. of animal weichl (zY weieht 


Anti- 
tumor 




Group 


(7 days) Begin/end begin end Changes (g)* 


(%) 


P 



1. Control group 


20 ml/kg 


10/10 


20.48 * 0.92 


2. CTX 


20 mg/kg 


10/10 


20.50 x 1.06 


3. GS (N) 


Low dose 


10/10 


20.43 ± 0.80 


4. GS (N) 


Medium dose 


10/10 


20.33 * 055 


5. GS (N) 


High dose 


10/10 


20.74 x 0.88 


6. GS (B) 


Low dose 


10/10 


20.52 x 0.94 


7. GS (B) 


Medium dose 


10/10 


20.69 x 1.14 


8. GS (B) 


High dose 


10/10 


20.48 x 059 


1. Control group 


20 ml/kg 


10/10 


20.21 * 031 


2. CTX 


20 mg/kg 


10/10 


20.23 * 0.24 


3. GS (N) 


Low dose 


10/10 


20.24 * 034 


4. GS (N) 


Medium dose 


10/10 


20.25 a 0.36 


5. GS (N) 


High dose 


10/10 


20.24 s 035 


6. GS (B) 


Low dose 


10/10 


20.23 * 0.53 


7. GS (B) 


Medium dose 


10/10 


20.23 x 034 


8. GS (B) 


High dose 


10/10 


20.24 * 035 


1. Control group 


20 ml/kg 


10/10 


20.20 * 1.22 


Z CTX 


20 mg/kg 


10/10 


20.24 x 134 


3. GS (N) 


Low dose 


10/10 


20.50 * 1.21 


4. GS (N) 


Medium dose 


10/10 


20.12 * 131 



27.78 * 3.00 


+730 


137 * 0.2 






2552 * 4.09 


+5.40 


033 * 0.2 


66.6 


<0.002 


27.11 x 2.36 


+6.70 


1.48 ± 0.3 


6.10 


>0.05 


28.17 * 2.54 


+7.80 


1.29 * 0.3 


18.2 


<0.Q5 


27.51 x 2.01 


+6.80 


1.65 * 0.4 


-4.80 


>0.05 


28.88 ± Z56 


+836 


1.15 * 0.3 


27.1 


<0.01 


2933 x 2.69 


+8.80 


0.97 x 0.3 


38.2 


<0.003 


28.01 * 2.09 


+7.50 


0.89 x 0.3 


43.3 


<0.001 


27.82 * 2.89 


+7.61 


139 * 0.2 






25.42 ± 3.82 


+5.19 


034 * 0.3 


66.0 


<0.001 


28.01 ± 2.22 


+7.77 


1.46 x 0.2 


8.20 


>0.Q5 


28.21 x 0.41 


+7.96 


1.26 * 0.2 


20.8 


<0.05 


27.83 * 132 


+7.57 


134 x 0.3 


3.10 


>0.05 


28.68 * Z32 


+8.45 


1.11 ±0.2 


30.2 


<0.01 


2850 x 0.40 


+8.67 


055 x 0.1 


39.6 


<0.003 


28.12* 2J0 


+7.88 


0.87 * 0.2 


453 


<0.001 


28.20 x 3.48 


+8.00 


1.68 * 0.2 






25.71 * Z10 


+5.47 


038 x 0.1 


65.5 


<0.001 


2730 * 3.28 


+7.19 


138 x 0.21 


6.00 


>0.05 


2731 x 2.50 


+7.80 


130 * 0.1 


22.6 


<0.05 
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TABLE 20-contioued 



TUmor Inhibition by Non Spo rod crm- Broken and Sporodcnn- Broken 
G anoderma Spores 

Tumor Anti- 

Dose/day No. of animal weight fg^* weight tumor 

Group (7 days) Begin/end begin end Changes (jg)" (%) P 

5. GS (N) High dose 30/10 20.32 * 1.21 28.32 ± 2.20 +6.81 1.64 * 0.1 2.40 >0.05 

6. GS(B) Low dose 10/10 2031 * 1.20 28.11 * 1.40 +7.80 1.15 ± 0.1 33.3 <0.01 

7. GS (B) Medium dose 10/10 20.41 * 1.20 28.21 * 2.50 +7.80 0.97 * 0.2 42.3 <0.003 

8. GS (B) High dose 10/10 20.41 * 1.20 28.32 * 2.28 +7.91 0.91 ± 0.1 45.8 <0.00l 



GS (N) — non-sporoderm-broken spores 
GS (B)— sporoderm-broken spores 
CTX— cyclop h osp ham ide 
•Values arc expressed as Mean ± S.D. 



As shown in Table 20, non-sporoderm-broken ganoderma 
spores showed tumor inhibition rate from -4.8 to 22.6% 20 
(dose 2 g/kg/d-8 glkgld), which is much lower than that of 
the spo roderm -broken ganoderma spores (i.e., 27.1 to 45.8% 
inhibition rate). The results shown in Table 20 prove that the 
sporoderm-broken ganoderma spores display much greater 
therapeutic effects on tumor inhibition than the non- 25 
sporoderm-broken ganoderma spores. 
IV. Discussions: 

The above studies demonstrate that sporoderm-broken 
ganoderma spores show a much greater antitumor effect than 
the non sporoderm-broken ones. One explanation for the 30 
differences in antitumor effect can be that the hard sporo- 
derm layers are not easily digestible by humans (antitumor 
rale -4.8%-22%). But if the sporoderm is broken, the active 
materials contained can readily be absorbed (antitumor rate 
27.1%-45.8%). Also, by synchronizing the germination 35 
activation process to induce the maximum production of the 
bioactive substances, the germination activated ganoderma 
spores provide more bioactive substances than normal 
sporoderm-broken ganoderma spores. These bioactive sub- 
stances demonstrate significantly greater therapeutic effects 40 
on diseases than normal sporoderm-broken ganoderma 
spores. 



IH. Treatment: 

Each patient received 3 ganoderma spores tablets (200 mg 
per tablet) per time and three times per day for 45 consecu- 
tive days (l xl treatment course). The treatment was stopped 
for 15 days and then resumed for another 45 consecutive 
days (2 rtJ treatment course). 

IV, Observations: 

1. Blood Samples were collected monthly. HBsAg, 
HBeAg and HBe -antibodies were tested using EUSA. The 
testing kit was provided by Chung-Shian Bioengineering 
Company. 

2. Reagents for serum HBV DNA quantitation test 
(Digene Hybrid Capture II Assay) was provided by Chung- 
Shian Medical University. 

3. Serum ALT activity was measured using a biochemical 
semiautomatic analytical instrument made in Italy. 

V. Results: 

A. Effects of Germination Activated Ganoderma Spores 
on HBeAg and HBV DNA 

The results of ganoderma spores treatment on the 14 
patients are shown in Table 21. In the beginning of the 
treatment, these 14 patients were all tested HBeAg and HBV 
DNA positive. 

TABLE 21 



CLINICAL EXAMPLES Effects of Germination Activated Ganoderma Spores - 

on HBeAg and HBV DNA 

Clinical Exarmple 1 45 

Treatment Duration 

The Effects of Germination-activated Sporoderm- 
broken Ganoderma Spores on Chronic Hepatitis B 3 month 2 month 3 month 4 month 

(HBV) Patients Negative HBeAg (HBeAg not 2 0 0 0 

I. Materials: 50 detected) 

Germination-activated sporoderm-broken ganodenna Positive HBe Antibody a 2 a ,1 

spores were manufactured according to the method of the Negative hbv dna 0 3 3 1 

present invention by Guangzhou Green Food Engineering 

Co. Ltd. and Green Power Health Products Int'l Co. Ltd. As shown in Table 21, after the treatment of sporoderm- 

II. Selection of Patients: 55 broken ganoderma spores for 1 month, 2 patients became 
The clinical studies were conducted between December, HBeAg negative & 1 patient became HBeAb positive. After 

1998 and April, 1999. Fourteen (14) patients diagnosed with 2 months, 2 patients became HBeAb positive and 3 had 
HBV infection were selected. The selection were based upon negative HBV DNA. During the 3 rd and 4 th months of 
the standard criteria set forth in the 1995 National Meeting treatment, in each month, 1 patient became HBeAb positive 
for the Department of Infectious Diseases and Parasites. 60 and 1 had negative HBV DNA. The rest 2 patients initially 
Seven (7) patients were diagnosed as asymptomatic carriers had shown negative HBeAg but were reverted to HBeAg 
and the other 7 were diagnosed with chronic hepatitis. positive 2 months later. The 5 patients who had shown 
Among them, 2 were with moderate severity and 2 were HBeAb positive also became HBV DNA negative. Among 
mild. All patients were HBsAg (Hepatitis B surface antigen), these 5 patients, one was HBeAg positive, HBV DNA 
HBeAg (Hepatitis Be antigen), and HBV DNA (Hepatitis B 65 negative. He later became HBeAg negative and HBeAb 
DNA quantification) positive. The 14 patients included 8 positive, but with an ALT level higher than before the 
males and 6 females, all aged between 17-71 years. treatment. 



